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TITLE OF THE INVENTION 


EXPOSURE APPARATUS, DEVICE MANUFACTURING METHOD AND 
ENVIRONMENTAL CONTROL METHOD OF EXPOSURE APPARATUS 

5 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This is a continuation of International Application 
PCT/JPOO/03267, with an international filing date of May 22, 
2000, the entire content of which being hereby incorporated 
10 hprpi n d\/ rpfprpnrp . whi rh not mihl i ?hed in Enoli sh . 


BACKGROUND OF THE INVENTION 
Fi el d of the Invention 


The present invention relates to an exposure apparatus, 
15 a device manufacturing method and an environmental control 
of an expC'Sure apparatus. Mo-re particularly, the present 
invention relates to an exposure apparatus used in a 
lithography process in manufacturing semiconductor devices, 
liquid crystal display devices and the like, a device 
20 manufacturing method in which exposure is performed by using 


t he expc s u re apparat u s , a nci ar env i ronmen t. a 




nt ro1 me t hod 


to keep environmental conditions inside an e. x p o s u r e c n a m b e r 
of the exposure apparatus substantially constant. 

Description of The Related Art 


25 


In an apparatus performing process a. nq f or f ine f ea t u 


r 


xtremely high accuracy. In this case, the 


conditioning 


system needs tc- be a circulating system since very precise 
temperature adjustment needs to be performed within a range 

of, for example, ±0.1°C relative to a target temperature. 
Accordingly, a blower is required for circulating air. In the 
exposure apparatus, a machine chamber housing an air 
conditioner including the blower is normally installed 
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inuepenuen c _l y 01 a main oouy onamrer Housing an exposure 


apparatus main body because of problems of vibration and the 
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In the exposure apparatus that manufactures electronic 


devices such as LSI's and the like, p 


e inside the main 


body chamber housing the exposure apparatus main body, which 


onsists a 


, a projection lens and the like, is usually 


et to be higher than that of the outside of the main body 
hamber. The air inside the main body chamber leaks to the 


outside due to a p 


difference between the inside and 


the outside of the main body chamber, air needs to be supplied 
from the -outside to compensate for tin- lost air. Acco-rdinqly, 
2 0 an outside air inlet called an OA port, is provided in p>art 


c > 1 a s u p p i y p a t h o f o h e a i r ( a s u p p 1 y 


i n bod\' 


chamber, and oucside air is normally, natural!'/ 


d t h I' O' U Q h 


the CA port. 


On the ether hand, the air that has returned from the 


main body chamber enters the air conditioner in the machine 


t 




the feeding c>f the outside air condenses on the radiation fins 
of the cooler and so is removed. Then, the air from which the 
excess moisture has been removed is heated to a given 
temperature by a heater, and sent into the main body chamber 
by the blower. 

In addition, it has recently been found out that trace 
level gas in a clean room atmosphere has adverse effects on 
a semiconductor manufacturing apparatus such as a reduction 
projection exposure apparatus (a stepper) and the like. More 


SpcCiticaiiy, in an 


ii ll r 1 a ser exp'j^-ure apparatus, an X-ray 


exposure apparatus or an electron team exposure apparatus. 


which uses an excimer laser such as a KrF excimer 


, an 


ArF excimer laser or the like as a Irght source, a high 
sensitive chemically amplified resist is used in order to 
15 compensate for insufficient brightness of the light source. 
The chemica11y amplified resist contains an acid-generating 


agent as a photo 


agent, and acid generated by the 


agent upon exposure induces catalytic reaction in a subsequent 
thermal processing (PEB: post exposure bake) so as to make 
20 the exposed part: of the resist insoluble (a neoacive type?) 


or soluble (a positive type) 


a deve loo: no sc .1 at ion . 


However, m t re case of a positive resist, trace level basis 
gas of a ptb level in the atmosphere may neutralise acid 
catalyst generated on the surface of the posttive t ype 
chemically amplified resist to form a ha r si 1 y- so 1 ub 1 e surface 
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to as a T-shape) . When such a hardly-soluble 
surface layer is termed, the benefit of using the chemically 


amp)xif led resist, which is a high 


e resist, is lost 


In order to proceed to exposure, overcoat or the like is 
5 necessary, which reduce s t n r o u g h p u t. 

Further, as the exposure light becomes shorter in 
w a v e 1 e n g t h and m ore int o n s e i n ill urn i n a n c e , t h e phen one n o n 


a 1 sc;> occurs that trace level gas in the a tmosphe re 


es 
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to the s ur f a ce s o 1~ ont i ra 1 


10 members f erming an i 1 luminution syst em . .Such a phenomenon 

occurs due to photochemical reaction between the trace level 
gas in the atmosphere and the exposure- light. Reactive 
substances are amnion ia gas, sulfur oxide, organic silicon 
compound and the like in the air. As a result of generation 
15 of tarnish on the optical members forming the illumination 
system, the illuminance is greatly reduced so that the 
throughput is reduced. 

Therefore, means for removing a truce of impurity gas 
i n a c lea n r o on. a t mo s p h o r e a r e disclosed i n , for e x a mp) 1 e , 
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With respect t c conventional exposure 
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method where an exposure apparatus main body, and a substrate 
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system are housed in different environmental control chambers 
are k n:wn. 
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In bcith methods. 


either one of the f c 11 o w i.ng 


l C L I i) i i u rr:r o 


has been adopted. One is that air is blown into the inside 
of the exposure chamber that houses the exposure apparatus 
main body sideways (side-flow) from the side other than a side 
where the substrate transportation system and the mask 
t ransportat ion system are installed, and the other one is that 
air is blown downward (down-f low) from the ceiling to the floor 
of the exposure chamber. 


According to the invention disclosed in the foregoing 
Japanese Patent Laid-Open, a trace of impurity gas in a clean 
room atmosphere can be surely removed tc a certain extent, 
and reduction in illuminance due to tarnish on the optical 
15 members and generation of the hardly-solable surface layer 
of the chemically amplified resist can be limited. 

Recently, however, as the feature sizes of semiconductor 
devices become finer, outgas from an adhesive agent, a sealing 
agent, paint and components used in exposure apparatuses, 
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can be regarded a: 
influences of the 
tunes a ie roqui i ed 


a source od contamination 
outgas, the insides of an 
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filter that removes impurities is provided on 1 y at the outside 
air inlet or a supply path to the inside space of the main 
body chamber; chemically contaminated air containing outgas 
released from the exposure apparatus main body when performing 
5 ail' conditioning thereof returns to an air conditioner and 
then is sent, into the chemical filter disposed in the supply 
path by a blower of the air conditioner. Accordingly, the 
lifetime of the chemical filter in the supply path shortens 
particularly, and the chemical filter must be frequently 

10 replaced with a new one. Further, design of the conventionsf 
exposure apparatus has made on the presupposition that 
replacement of the chemical filter is unnecessary during the 
life of the apparatus. That is, replacement of the chemical 
filter itself has never been taken into consideration. 

15 Therefore, a chemical filter other than the one at the outside 
air inlet is normally disposed in a position where replacement 
is difficult:, and thus it takes a long time to replace the 
filter. Furthermore, since the door of the chamber must be 


kept, open for a 


n o 


1 1 me f o r r ep.l ao i nq t he c:hemica 1 filter. 
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Further, in the conventional exp 


apparatus, a drain 


pu. p o i s o s s o n t i a i t or t om pe r a t u re ad iust me nt , a n d r h o d r a i n 
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is lower (by about -7 hFa'i than that of the outside atmosphere 


to a ch a r a c L 01 is tic 


the blower. Acccrdinqlv, th 


following unfavorable phenomena 'a' to 'd' may occur. 

a. The drain pipe finally comes to be connected with other 
apparatuses in a semiconductor manufacturing factory, and 
pressure of the space around the drain pan is lower than that 
of the outside atmosphere. Therefore, impurity gas released 
from other' manufacturing apparatuses may flow into the 
exposure apparatus via the drain pipe when the drain pan is 
not filled with water. 

b. Chemical substances released into the atmosphere of each 
apparatus in chemical processes such as alkaline processing 
and acid processing performed in other manufacturing 
apparatuses dissolve into wastewater after use for 
temperature adjustment of each apparatus in a microscopical 
level. There is large possibility that the chemical 
substances flow into the exposure apparatus in a ppb level 


via the drain pipe. In many cases, no par 


measures are 


ta ken f or chemi ca 1 contaminati-an as 1 ong as the waste ware r 
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s y stem for w a s t e w a t. e r after a s e f o r t e m p e r atur o a aj u s t mi e n t 
may be communicated to a clean room outside the exposure 


Ll U l > C 


ci 1 . < X l US 


i 


r ^ 


r ^ 



8 


through 

the 

pipe line system. 

it mav 
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en t e r 

the apparatus 

indirec 

tly 

t h r (O' u g h t h e w a t e r 

in t h e 

p' a n, 

which is not 


preferable either. 

d. Even if the influence of the pipe line system is small, 

5 since the water in the drain pan does not flow out due to the 
influence? of the lower pressure, the per. could be a secondary 
supply source of gas having adverse effects on the exposure 
apparatus because microbes and the like proliferate after a 
trace of gas in circulating air dissolves into the water and 
10 is condensed. 


In addition, in an exposure apparatus that uses the 
f o r e g o r n g c o n v e n t. i o n a 1 s i d e - f 1 o w technique as the air 
conditioning technique in the exposure chamber, two or three 
side faces, i.e. the face of a side where the substrate 
15 transportation system or the mase transportation system is 
installed, the face of a side where a blow port that sends 
gas for air conditioning into the exposure chamber is disposed, 
and further, depending on the case, the face of a side where 
a machine chamber having the air conditioner therein is 
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maintenance cf the exposure apparatus main body can only be 
performed from either side of two predetermined sides or a 


p r ecie t t ■ rm i i:e s i do , rind t he ma i n t en a n <'e ripo r a t i o r i rna v b 
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maintenance operation of the exposure apparatus main body can 
be performed from three- or two side faces other than the face 


of a side whene the sutstrut 


t cranspo 


n system ar tn 


mask transportation system is installed, or this side face 
and the face of a side where the machine chamber is arranged. 
However, the exposure apparatus cf this technique needs a 
filter for removing dust (an air filter), a chemical filter 
and a plenum duct of the filter for removing dust. For this 
reason, the total height of the exposure apparatus increases, 
and thus the ceiling height, of an expensive clean room 
(factory) in which the exposure apparatus is installed 
increases so that the equipment c:ost increases . 

Against such background, a new exposure apparatus that 


contributes to improvement of productivity of 


-devices 


15 in terms of the capaoility of ma 


q chemical cleanliness 


of the at: mo sphere inside the apparatus, processing capacity 
and the equipment cost is expected. 


SUMMARY OF THE INVENTION 
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apparatus and a device manufacturing method that can improve 
the productivity of the microdevice, and an environmental 
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method of the exp-mu: o appiaratu 
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least a part of the exposure apparatus main body, and in which 
environmental conditions are? kept substantially constant; an 
air conditioner that performs air ccndit i oning inside the 
exposure chamber; a machine chamber that houses at least a 
5 part of the air conditioner'; a supply path of aas for air 
conditioning supplied from the machine chamber into the 
exposure chamber; a first chemical substance removing filter 
arranged in part of the supply path; an exhaust; path that forms 
a path r.f the gas f or ai r conditiorung tha t returns t o the 
10 machine chamber from the exposure chamber; and a second 
chemical substance removing filter arranged in part of the 
exhaust path to remove chemical impurities in the gas for air 
conditioning. 

With this apparatus, the air conditioner- arranged m the 
15 machine chamber supplies the gas for air conditioning via the 
supply path, and air conditioning inside the exposure chamber 
is performed. Then, the gas for air conditioning that has 
performed air conditioning returns to the machine chamber via 
the exhaust path. Here, the first chemical substance removing 
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exhaust path of the gas for air condition mo that returns t 
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the machine chamber from the expesure chamber. Accordingly, 
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i e t j x p> o s u r e 
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ontammants in the gas for air conditioning and the second 


h emical substanc e r e mo vin g fi11 e 


sub.sta r. tidily s e caret 


removes contaminants, which area contained in the gas 
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condi t i on i ng returning to the machine chamber from the 
exposure chamber and which were outgassed in exposure 
apparatus main body. As described, the inside of the exposure 
chamber can be kept highly, chemically cLeari, and thus 
occurrence of a problem such as illuminance reduction due to 
tarnish of the optical elements can be effectively suppressed 
for a long period of time. Therefore, tiignly dccuna-:- 
exposure quantity control and thus highly accurate exposure 
can be performed for a long period of time, increase of exposure 
time due to the illuminance reduction is effectively 
suppressed to maintain high throughput for a long period of 
tame, and thus the productivity of micro-devices can be 
improved. Furthermore, since? chemically clean gas for air 
conditioning, from which chemical contaminants have been 
removed by the second chemical substance removing filter 
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removing filter: arranged in p a r t o f t he s u p p 1 y path, t n e 
lifetime of the first chemical substance removing filter 
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In terms of vibration caused by the air c:nditioner in the 
ma c h i n e c h a mo e r, the machine c h a mb er i s n o r mal I y arranq e :1 
i n d e re n d e n 11 y o f the e x p o s u r e c h .amber. Furl h er, in th i s :: a s -a , 
since the exposure chamber and the machine chamber are formed 
in the different: chambers and the chemical substance removing 
filter is arranged in part: of the exhaust oath returning to 
the loach i ne chamber from the chamber where the exposure chamber 
is formed, the chemical subs t a nets removing falter oan be 
readi Iv replaced. Accordingly, the down time 1 of the apparatus 
10 during replacement of the chemical substance removing filter 


shortens, and the processing capacity can be improved in th 
long term. 




In this case, the exposure chamber and the machine 
chamber may be arranged close to each other on the floor, and 
15 the exposure chamber and the machine chamber may be connected 
with eac:h other via a freely detachable connectron unit. 

Further, it is desirable that the connoction unit be one 
to prevent the vibration caused in the air conditioner from 
transmitting to the exposure chamber, and for example, it may 


momrei. , r sawn m \; a • , s:U', tr.e v i ru at o r • : u: * • ; l-v *re h ; a 
condi. tucricr i n the m a h i n e o h a mb e r i s a b s o r b e d r y e >: p a n s a o 11 
o f the bellows-like member that c cast i tut e s t. h e connect! o n 
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n, when the exposure chamber and the machine chamber 


are arranged c 1 


l o e a c h o t h e r o n t h e f loor a n d both of t h e m 




nnect:ed wit hi ea ch o ther via t ne 1 


I y dota chable 


connection unit, the first chemical substsnce removing filter 
may be arranged in the vicinity of the connection unit. In 
such a case, the chemical substance removing filter arranged 
near the? 'connect i on unit can be easily replaced after removing 
the connection u nit, if n e c ess a r y. 

In the f i rst exposure apparatus according tc- the present 
invention, the exposure chamber and the machine chamber may 
be formed in a same chamber. As described above, in terms of 
the vibration caused by the air conditioner in the machine 


chamber, the machine chamber 


normally arranged 


independently of the exposure chamber. However, since the 


problem of 


on can be solved with another means, the 


exposure chamber and the machine? chamber may be formed by 
dividing one chamber with a partition. 

In the first exposure apparatus according to the present 
invention, the machine chamber may be provided with an outside 
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exposure chamber can be kept higher than that of the outside 


atmosphere to maintain high cleanliness. 

11'. the first exposure apparatus according to the pr 


iL 


invention, the entire supply path and the entire 1 exhaust path 
5 for the air-conditioning gas is preferably made of a material 


outgassing less. Pa 


a r 


ly, part of the suppLy path that 


s downstream of the first chemical substance removing filter 
s preferably made of a material outgassing less. In such a 


case. sins e 


o u t q a 


s released in the supply path 


downstream of the first chemical substance flit, er arranged 
m part of the supply path, chemically clean gas for arr 
'.conditioning can be sent into the exposure chamber (space that 
houses at least a part of the exposure apparatus main body) . 

In the first exposure apparatus according to the 
15 invention, when the first chemical substance removing 

is arranged in part of the supply path, the supply path may 
be divided into a plurality of paths in the downstream of the 
first chemical substance removing filter arranged in part of 


the s u p p 1 y p a t. n , a n d each of t h e p 1 u r a 1 i 


try of paths rn 
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1 n t. h i s case, each o f t h e p 1. u r a 1 i t. y f p a t h s is 
preferably presided with an air filter to remove particles 
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In the first exposure apparatus according to the present 
invention, the air c o nditione r i n clad e s .a c o 1 e r t hi a t. c o o I s 
t hi e ga s f o r air c o n d i t .i. < a n .i n eg t h a t c ireuiate s w i t. hen the rrid o i i i. n e 
chamber, and a heater that heats the cooled gas, and the? 
exposure apparatus may further comprise a controller that, 
controls tne surface temperature of thro cooler so that 


r.ndensa t. ion does not; occu r 


In such a c a sc;, since t h e 


controller controls the surface? temperature of the cooler to 
a temperature where condensation does not occur, the drain 
p ipe system of the air conditioner is not needed. Accord i ngiy, 
occurrence of problems such as the foregoing 'a' to 'd' 'caused 
by the presence of the drain pipe system can be prevented; 
the insides of the machine chamber and the exoosure chamber 


a re 


hemica11y 


saner, and thus occurrence of probiems such 


s the i 1 luminance reduction due to tarnish of the op-tie:a 1 


laments can tie effect ively supp> 


ed for a even longer period 


of time. 


According to the second aspect, of this invention, there 
is p r o v 1 d e ci a s e c o n d e x p o s ure a p p a r a t u s , c o rn p- rising: an 
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at, least a part o f t h e e x p o s u r e a p p a r at.us main b o d y, and in 
which the environmental conditions are kept substantially 
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chamber; and a controller that ccntrois the surface 
temperature of the c:>oler sc that condensation 'Ir-'S not occur. 

According to this, since t.ne controller controls the 


s u r f a ■: 


of the cooler to a temperature where 
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ur, the drain pipe system of the a 
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jridit ioner is net needed 
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problems such as the foregoing 'a' to 'd' caused by the presence 
of the drain pipe system can be prevented; the insides of the 
machine chamber and the exposure chamber are chemically 


10 cleaner, and thus 


o c * 


urrence of problems such as me 


illuminance reduction due* to tarnish of the optical- elements 
can be effectively suppressed for a longer period of time. 
Therefore, highly accurate exposure quant it., y control and thus 
highly accurate exposure can be* performed for a long period 
15 of time; increase of the exposure t. ime due tc t.he i 11 umiration 
reduction is effectively suppressed to maintain high 
throughput: for a long period of time, and thus the productivity 
of micro-devices can be improved. 

In the second exposure apparatus according to the 
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controlling the 
difficult due tc 
the controller c 
According 
is provioeci a 


surface temperature of the coder becomes 
occurrence of some problem in the cooler, 
r the like, some measures are avuilacle. 
to the third aspect of this invention, there 
third exposure apparatus, comprising: an 
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exposure apparatus main body that; transfers a pattern formed 
on a mask onto a substrate; an exposure chamber that houses 
the exposure apparatus main body; and another chamber 
const itutinq an environmental control chamber separate from 
the exposure chamber and arranged on a side or tne exposure 
chamber, wherein a blow port of gas for air conditioning 
supplied into the exposure chamber is provided in a boundary 
area between the exposure chambe r and said arother chamber. 

According to this, since a blow port of gas feu air 
conditioning supplied into the exposure chamber is made in 
a boundary area with the exposure chamber in another chamber, 
maintenance of the exposure apparatus main body in the exposure 
chamber can be performed from three sides other than a side, 
where the cd.ow port is made, among the four sides (front:, rear. 
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fi11 e r and the p1en urn duct of the 


for removinq dust 


on t h -? ceil m q of the exposu r e c h a mb e r . Therefore, 


:> r d irq 


t o tho j third exptisur*:- appar at..us of the present L nventi: n , the 
cost of the c 1 ean room can be reduced because the total he iqh t 
of the* apparatus can be lowered while securing good maintenance 


perf ■: rmance . Thus, the 


itv of micro-devices can b 


improved due t o i mp> r ovement of the p> r ooe ss^na capacity in the 
1 eng term and reduc t i on o f the equ i pment cos t.. . 

In the chi r h pxpiosure apparatus of the? present invention, 
the inside of the exposure chamber may be air-conditioned in 
the down-flow manner using the gas for air conditioning blown 
from the blow port provided in the boundary area, or the upper 


space of the exposure chamber may have the gas blown into it 


in the side-flow manner. 

The tnird exposure apparatus according to the present 
invent:ion may further comprise a mask trans p ortation system 
housed t n sa i d anot tie r chambe r , whi. ch transports a mask into 


the exposure apparatus main body and 


irts the mask from 


i e ep s u r e a o pa r a : us m a in bo d y . 
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semiconductor devicesj of a larger size for the purpose of 
i mp r o ving the pro d u c t i v i t y . T h e s ub s t r a t e s i de inclines t o 


bee'erne largo eoiriPn red I e t ho musk 


io , and in <i n o xp 


n s an 
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The third exposure apparatus according to the present 
i nvent i on may further c smp rise an a r filter t o rem j v e 
particles, whic h is arranged on t h e s i d e of the b 1 o w n p o r t 
opp>osite said another chamber. As described, thee substrate 
transportation system inclines to be relatively larger than 
the mast transportation system. Accordingly, since a mass 
transportation system housing chamber (said another chamber) 
has empty space to spa re 1arger than that of a substrate 


l i d n d y r i_ a i_ 
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ystcm hous i?ig chamher . an air filter can tee 


arranged therein easily. In this case, with the air filter, 
a filter plenum (a chamber behind the filter for cunverting 


the dynamic pressure o t s ent ca s in t o 


pressure and 


blowing the gas uniformly) may be arranged. By this, uniform 


15 


air-flow can be obtained from the blow port 


The third exposure apparatus according to the: present 


invention may further comp 


a chemical substance removing 


filter arranged in the exhaust path of the gas for air 
conditioning that returns from the exposure chamber to an air 

oond i t brier for the exposure chamber. Tn such a case, s i nce 


art arat us 


t omfj r u 
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a r r a no tea 


the cxl.r-iust toil, h 
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co ndit .Luming that r e turns f r om the ex p 


hamber tc its 


a l r c: 


i o n e r , t he c hcmi i c a 1 subs t a n c e r emo v i ng filter' c -a n 
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ffestively suppressed for a longer periDd of time. 

In this c ase, the air o - n c i t i o ner ma y 1 n elude a c a o 1 e r 


t.ha t. 


Is the gas for air conditioning, and the exposure 


apparatus may further comprise a controller that controls the 
sui'face temperature of the coo 1 er so that condensat i.on does 
not occur. In such a case, the controller controls the sour face 


1 'iiipe l at ure of the 


c c -o 1 e r too a t: e mp erat a r e where o o ri d e n s a t i o n 


oes not occur. Accordingly, tore drain pipe system of the air 
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lime- 


r:oeded, aro’ occurrence of orcidens sueh 
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as the foregoing 'a' 
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aused by the presence of the drain 


p> i pe system can be prevented. As a result, the inside of the 
exposure chamber is chemically cleaner, and thus occurrence 
of problems such as the illuminance reduction due too tarnish 
of the optical elements can be effectively suppressed for a 
longer period of time. 

In the third exposure apparatus according to the present 
invention, supply paths and exhaust paths are constructed and 
a r r a n g e d for t h e e x p :> s u r e c h a mb e r and s a i d a n o t h e r c h a mb e r 
sued! that air conditioning thereof is performed by the same 


a : r con d i t i . 


Mi suer, u c a a o , c ( icn c:: a n. r •:... r 
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in the first t. ■:> t h i r d e x p o s u r e apparatuses act :> r d i n g t < 
the p r e s e n t. i n v e n t. i o n , the e x pc sure apparatus ma i ri bo d y ma y 


i n c . '; s • t j s ur s t r n 
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and the i 


ometer are arranged, independently c f the air 


and! t ioner . In such a case, using an air conditioner having 


n ig.n temperatur 


on t r o 1 1 ab i 1 i t. y as said another air 


:>nditioner limits measurement error of the interferometer 


caused by 


so-called air f luct.uation (temperature 


fluctuation) as small as possible, and positional 'control of 


tne 


ri c: 


abstrale stage, which 


r 1 ] 1 T b c ^ 
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uracy part : ou 1 a r 1 y, 


n be performed with required accuracy 
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id another air conditioner mav be 


separate from the air conditioner, but, not being .limited to 
t h i.s , may share a part of the air condi t ioner . 

In the first to third exposure apparatuses according to 
the present invention, a surface <:■ f said substrate may be 
coated with a chemically ampdified resist as a ph otosensitive 
agent. In such a case, since the inside of the exposure chamber 
can be; kep>t chemically clean, the illumination reduction due 
to tarnish of the op t ica 1 e 1 ernents can be sup>p-ressed f or a 
long period of time, and additionally, generation of the 


n < j r d 1 v - s o i u 1) 1 e s u r : a c e 


y ^: r 


the chemi ca 1 J. y cap 1 ifieo 
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i m i r ca . 
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b y u s i n q any of the first, to third e x p o s u r e a pparatuse s 


according t o the present i nver 1 1 i on impre 
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this present invention, t h on: e is p r o vide d the devic e 


manu fac tuning me t; hod 


g an exposure apparatus of tn 


present invention. 

According to the fifth aspect of this invention, there 
is provided a first environmental con:rol method of an exposure 
apparatus that supplies -gas at least the temperature of which 


is controlled intu an exposure '.chamber 


t hi at h o uses at leas 


a p a r t of an e x p o sure apparatus nai n b o d y such that 


env 1 ronmen tar uujiui u i on s 


J • - n i - 


substantially c o n.stant 


i n s i. de s a i. d e xpo s u re e h ambe r, sa id e xp-o s u r e epparatu s ma i n 


body transferring a predetermined pa 


onto a substrate, 


wherein chemical impurities in said gas are removed in an 
exhaust patn from said exposure chamber, and at least part 
o f said gas f rom which said chemical impurities have been 
removed is suppdied into said exposure chamber via a chemical 
substance removing filter. 

According to this met head, chemical impurities in gas are 
removed in the exhaust path from the exposure chamber, and 
at leash Dart of the aas from which the chemical imDuri. ties 


nave De-en rorriov 


suf p 1 i e d in 
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inside of the exposure chamber cmn be kept h i.gh ^ y, chemical lj 


lean, and thus c c c urren c e o f problems s u c h a s the ill u m i n a 
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is effectively limited to maintain high throughput for a long 

* 

peri-jQ of time, and as a result, the productivity of 
micro-devices can be improved. 

in the first environmental control method according to 
t re present invention, the surface 1 temperature 1 of a cooler 
for t. no. 1 gas may be set at such a temperature that condensation 


does not occur. in such a case, since the surface temperature 
of the cooler is set. at a temperature where condensation does 
r i o l occur, t he d r a i n pipc s y s t em o f the coo 1 e r i s n n r n e e d e d . 
A ccor d i n g 1 y , occurrence o f p r ob 1 ems s u c h a s t h e f o reccing ' a ' 
to 'o' caused by the presence of the drain pip> e system can 

be prevented; the insides of the exposure chamber are 
■ihemically cleaner", and t h u s occurren c e of p> r o olems such as 
t h e illuminance reducti o n d u e t. o t a r n ish o f t h e op tical 
elements can be effectively suppressed for a longer period 
of t:me. 

According to the sixth aspect of this invention, there 
is provided a second environmental control method of the 
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environmental conditions are kept substantially constant 
inside the e x p o s a r e c h a mb e r , t h e e x p> o sure apparatus main body 
i. runs: err inq pmedet e i mi neci t. - *: tern n elite n s u b s t r a t o , 



r i 


r i 


According to this, the gas p 


through the cooler 


before being supplied into tine exposure chamber, ana tone 
surface temperature of the cooler' is set at a temperature where 
condensation does not occur. Therefore, the drain pipe system 
of the cooler is not needed, and occurrence cf problems such 
as the fc re going 'a' to 'd' caused by the presence of the drain 
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exposure chamber are chemically cleaner, ana thus occurrenc 
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reduction Hue t o t. a mi s h 


of the opt:.cal element.,?, can be effectively suppressed for a 


banger period of time. Therefore, hi 


accurate exposure 


quantity control and thus highly accurate exposure can be 
p»er formed for a lo-ng period of time; increase of exposure time 
due to the illumination reduction is effectively limited to 
maintain high throughput for a long period of time, and as 
a result, the productivity of micro-devices can be improved. 


According to the seventh aspect of this i 


ion, there 


is provided an exposure apparatus, comprising: an exposure 
ri pipdiu 1 u s rain bod y t n a t t r u n s f e r s a p r ede t : rmi ned pja r t. e : ri 
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constant; a second return duct an end of which is connected 
to the second chamber and through which 'gas exhausted from 
t.ne second charriher passes; and a first chemrcal substance 
removing filter that is connected to another end than the end 
5 of the first return duct and to a no-then end than the end of 
me second return duct and that removes chemical impurities 
in both of q as exh aus ted f rom t he f i rst chambe r and aas 
exhausted from the second chamber. 


0 BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings; 

Fig. 1 is a view s c h ema tic ally showing the entire 
structure and arrangement of the exposure apparatus according 
to a first embodiment of the present invention; 

5 Fig. 2 :s a cross-sectional view on the II - II line of Fig. 

1; 

Fig. 3 is a block diagram showing a control system 
related to the temperature control of gas for air conditioning 
i r. t h e expo s u r e a ppa r a t u s o f Fq . ' ; 
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Fig. 5 is a flow chart showing processing in step 2 0 4 
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described with re 


to Fig. 1 to Fig. i as follows. Fig 


1 schematically shews the entire c onstitutic n of a n e x p o s u re 
apparatus 10 according to the- first embodiment. 

The exposure apparatus 10 comprises: a main body chamber 


IF installed :>n 


floor F in the cle 


room; and a machir 


hamber 14 arranced acijacent to the main biody chamber IF. 


ill _ 1 _ J_ 


c r, rr r 
1 i ui.t 
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1 i ^ U a. 


nnH i t- i nr t c; 
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(clean 1 i ness, t emp> e r a t u r e, 


pressure, humidity and the like) inside the main body chambe 


1 i rn —> i r~» -f- 

l. *. x. i u j_ a i. ^ 


i n e d s u b stantially constant, and one 1 e r ^ h ^ m hi e y 


lb closer to the machine chamber 14 and two small chambers 
(18 and 20) arranged vertically on the opposite side of the 
large chamber 16 from the machine chamber 14 are provided. 
Among these chambers, the large chamber 16 is the exposure 
chamber that houses an exposure apparatus main body 22 inside 


15 thereof. Hereinafter, the 1 a r g 


f 


hamber 16 is called an 


exposure chamber 16. 

In the small chamber 18, a reticle library 80 he-1 ding 


a plurality of reticles as masks and 


reticle 1oa d e r 82 
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ho r i 
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t a g e R S T (descrioed later) that forms part of the e x p o s u r 


a p paratus main b od y 2 2 by the reticle loader 82 


his 


emts ;o: m 


soar v ^ 


■;dr- r 
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reticle loader system as the mask transportation system. 
Hereinafter, the small chamber 18 will be referred to as a 
reticle loader chamber 18. 

Note that the reticle leader system as the mask 
5 transportation system is not Limited to the foregoing 


constitution. For example, a closed 


utte of a bo11om-'jren 


ype i, a edit d iner ) that 


an house a pluralitv of the ret i o: 1 e 
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may be used instead of the reticle library 80, or a mechanism 
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be used a s t hie ret i cl 
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der. Furthermore, a retieLe storing section (the retie 1 


library 80) and the reticle loader 32 maybe severally arranged 
in different chambers, or the bottom or the foregoing closed 
cassette mounted on the top of the reticle loader chamber 13 
may be 'Opened so that a reticle can be transported into the 
15 reticle loader chamber 18 in an airtight manner. In short, 
only the reticle loader may be arranged in the small chamber 
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Further, the -other small chamber 20 houses a wafer 
r iec 2 4 shat s t o r e s a pi ural 1 t y o f w a f e r s as s i j b st rtd.es, 
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unit 83 that transports the wafer between the robot 86 and 
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a wafer stasje WST constituting the exposure apparatus main 


bod y 


i r i 1 11 .i. 


umuod i men t , t. ht 


w ci .. to: * 


c.i I 


>■ ’ *. > ■ >- 


hi 


r i b 


y t . r y ' t 
i P. - U 


f 1 


r i 

L J 


transport ation system housing chamber that houses the wafer 
loader system as the substrate transportation system. 


Hereinafter, the small chamber 


1 " I T 1 -! 1 
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ill be referred t-a as a 


wafer loader chamber 2 0 for convenience. 

Note? that the wafer loader system as the substrate 
t ransport a t i on system is not limited to the* foregoing 


nsd tuLion. F'jr GXauip 


to 1 ^ ; 
11 - 1 - v 


mu 111 — i o i n t r ob<r t ma v 


:onstitute the wafer loader system, or only the wafer loader 


mdy joo ai l dngd insrdv.. 


h o w a f er 1 cader ch amb»=> r 10 


Each of the exposure chamber 16, the reticle loader 
chamber 13 and the wafer loader chamber 20 is connected to 
the machine chamber 14 via a sup-p-ly duct 24, which is made 
of a material emitting less gass such as stainless steel (SUE) , 
Teflon (a registered trademark) or the like, and a connection 
unit 26 connected to the 'Opposite end portion of the supply 
duct 24 from the exposure chamber 16, the reticle loader 
chamber 13 and the wafer loader chamber 20. The connection 
unit 26 is detachable at least from the sup-ply duct 24 (main 


o o d y 


hambor 12), 


a n d 


i trite d by an e x p a n d .■ i b 1 e a n < 
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constituting the air' 


nditimer (described later- housed 


inside the machine chamber 14 is absorbed by expansion of the 
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in the upstream :>f a chemical filter CF 3 may also be constituted 
of the material emitting less gass to lengthen the life of 
the chemi ca 1 filter U F 3 a no. t; h e 1 i ke . 

The € 5 xposure £ 3 ppara t us ma in body 22 hernsed in t he 
exposure chamber 16 comprises an illumination optical system 
26 including mirrors >41 and M 2 ; a projection optical system 


PL a r ranged be 1 ow t rie ill urni :ia t ion opt i ca 1 syst era 
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reticle stage PST that holds a reticle R as a mask and tha 


i s a r rangea celween L: ie or o j ecii -a 11 optica* sy s t em 
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i 11 umination optical system 28 ; the wafer stage WST that holds 
a wafer W as a substrate and that is arranged underneath the 
projection optical system PL; a main oedy column 30 that holds 


he projection op 


system PL and on which the wafer stage 


WST is mounted; and the like. 

The illumination optical system 28 includes an optical 
integrator, an aperture stop (both are not shown) and the like, 
as well as the mirrors Ml and M 2 , which are* arranged in a 
predetermined pos i t ion a 1 relation i n an i 11 uminati on system 
hou s i no (not shewn) . The; i 1 lurronat ion op»t . cal sys + cm of t he 
s a mo c o r. s t i r u t i c n a y t h o i .1 t u n r n a t i o n nptioci s y s t em i s 


d i c cc i o s e u in o a p> a n f s e P a t.. e r. t 


T ■ ^ O _ ' \ r -, c ■ f- 1 , 

1jC 3 i O ' O l 1 L m v 


1 _ c U C 

_L z - -U -U 


,d r s rg * t • d 

t. -4. L i. A i i O 


United State's Patent No. 5 , 307,207 corresponding thereto and 
the like, and the d 1 s c losure o f the f r e q o i n q U ruted S t a t e s 


Cl L_ td * 1 L 2“ 


noo r pc, r ate 


her 


- . V- t '-_ r 


f ■' ! ' t 


i I * td 


r i 


r i 


(a relay optical system, not shown) . The guidance 'Optical 
system includes an optica 1 system, which is ca L1ed a 
boam-matching unit, f or adjusting the optical axis of the light 
source to that of the illumination optical system 2s as at 
least a part thereof. The inside of the illumination system 
housing (not shown) that houses the illumination optical 


system 26 and trie inside of a body (a mirror barrel) that i 


arranged between the light source (the excimer laser in this 
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houses the 


gu i da nc 


opt ica 


system including the 


be:am-matching unit as at least a part, is severally purged 
b y inert gas (nitrogen, h e 1 i urn or the like, f o r e x a rnp 1 e } , and 
thus the cleanliness is kept extremely high. 

Note that at least a part of the illumination optical 
system 26 may be arranged outside the exposure chamber 16, 
and/or that some of the other members (the wafer stage WST, 
fern example) than the light source, t. he guidance optical system, 
and the illumination optical system 28 may be arranged in a 
b < ■ u v ditto: r o n t f : on t. h e * * p: s u re:: c n a rube r . I n t h 1 s c a s o , t h o 


r egc o n a u i f 1 o rer; t 
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needs to be -arranged inside the exposure chamber 16, and there 
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12 via a plurality of ant i-vibration blocks 32. Thu? main body'’ 
:;1 unin 3 0 includes: a ma in co 1 umn 31 support ed ty t. ne 
ar.t i-vibrat ion b 1 ocks 32 ; and a support co 1 umn 36 provided 
on the main column 34. The projection optical system PL is 


held on a main frame that. 


nstitutes the ceiling surface of 


the main column 3 4 via a supporting member called a first Invar; 


(not shown) . 
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optical system PL is parallel to the vertical direction. 
Herein, as the projection optical system PL, a reduction 
op t ical system havi n g t h e p r o j e ction rati o f 1/4 or 1/5 i s 
used. The support column 36 supports at least a part of the 
illumination housing (not shown) from below. 

The wafer stage WST is driven on a stage base 
const ituting the bo11om plate of the main co 1 urnn 34 in two 
dimensions by a planar motor, a linear motor or the like (not 
shown) . The wafer W is fixed via a wafer holder' 3 8 on the upper 
surface of the wafer stage WST by vacuum chuck or the like, 
line position of the wafer stage WST in an XV plane and a rotation 
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a horizontal plane when the exposure apparatus main body 22 
is of a stationary exposure type disclosed in, for example, 
Japanese? Patent Laid-Open do. 5-21314 and the United States 
Patent No. 5,243,195 corresponding thereto. Further, the 
reticle stage R3T is const i tuted so as to a 1st.) be abl e to loos 
moved in a predetermined stroke in a predetermined scanning 
direction when the exp-osure 
so”arming exposure type disclosed in, for example, Japanese 
mil Lent i_id i ci — v _'pe n M o . 4 —1 5n 5 1 3 

No. 5, 4 7 3 , 4 10 co r r esponcl ing t ne r e t c. And the disci o s u r e s o f 
the foregoing United States Patents are fully incorporated 
herein by reference. 

A (recording to the exposure apparatus main body 2 2 
constituted in this manner, after a pulse u1 1 ra violet light 
emitted from the excimer laser (not shown) is shaped into a 
necessary shape and made uniform in its illuminance by the 
illumination optical system 28 that consists of various kinds 
of lenses, mirrors and the like, the light illuminates the 
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body chamber 12. The other en j of the- supply duct 24 is divided 
into two, and one di vided p ath 24 a is conr.ected to the rotic l.e 
loader chamber 18. A filter box AF1 that consists of a ULfA 
filter (ultra low penetration air-filter; , which r emov e s 
particles in air flowing into the reticle loader chamber 18, 
a n d a f i 11 e r plenum .is p r o v i d e d at the b 1 o w port of the r e tic! e 


loader chamber 18 for air 
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On e e n d o f a return d u c t 4 2 a s a n e x h a u s t p> a t: h is con n ected 
to the return section 40, and the other end of the return duct 
4 2 is connected to part of the bottom surface of the machine 
chamber 14. 

Another divided path 24c is orovided t.o the divided path 
24a at its far end portion, and the divided path 24c is 


nnected to the wafer loader chamber 20. And a 


box 


AT2 that consists of the ALFA 


, which removes particles 


in air Flowing into the reticle loader chamber 20, and the 
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chamber 18. The filter hex AF3 consists of the U L P A filter, 
which removes particles in a;r flowing into the exposure 
c h a mb e r 16, and t h e filter pi e n urn . An d a uniform airflow is 
sent sideways into the upper space of the exposure chi amber 
16 through the blow port 90. In the boundary area (division 
wall) between the reticle loader 18 and the exposure chamber 
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A ret u rn sect ion 4 6 is provided on the side. 1 of the bottom 
of the exposure chamber 1 6 close t o t he rnachine chamber 14 
as shrevn i n Fig. 1 ; an exhanst po rt in communicat ion with one 
end of a return duct 48 as an exhaust path is made in the bo11om 
wall of the main body chamber 12 and under the return section 
4 6, and the other: end of the return duct 48 is connected to 


part of the bottom surface; 


the machine chamber 14 


An OA port 5 0 as an outsi.de air intake is made in the 
t s) t> i sit t j 1 c w e : wall of t a e rr a u h i n o c hii mb e: r 1 4 f r o m t h e mam 
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T h e inside c- f the main b o d y c h amb e r 1 2 , pa r t i c u lari y the 
inside of the e x p o sure chamber 16, is a 1 w a y s kept in t. h e h i g h e r 


rresrure 


t r. a r: 


Lit. S 1 cie 


r r ; A 1 r 4 ' Y~ 

* l i 4. 1 i i t. < 4. i * 


r i ' c i re i i ress 


r i 

L J 


r i 
L J 


embodiment, for the purpose of providing a countermeasure to 
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- c a lied T - s h a p e of t h e c h ern i c a 11 y amplified resist an d 


the like, the chemical filter CF2 is provided at the DA porr 
50 to take only clean air into the exposure apparatus by 
removina the chemical material (impurity) in air taken into 
the exposure apparatus. 
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zomperature sensor 1-4 that detects the temperature of the 
?ur face of the coo 1 er is arranged in the exit area of the coo 1 er 
2 . A detection value of the first temperature sensor 54 is 


ied to a controller 70 (not shown in Fig. 1; refer 


Fig. 3). 

A first heater 56 as a heating unit is arranged a 
predetermined distance above the cooler 52 of the arr path 
in the machine chamber. A first blower 53 is arranged at the 
exit area of the machine chamber 14 above the first heater 
r h . In t hie o a s e , t h e c a o 1 o r 5 2 , t. h e f i r s t h e d t.. e r 5 6 a n d t la e 
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i 6, an air p a t h, of the machine chamber 14, into which abou t 
1/5 of the air that has passed through the cooler 52 upward 
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reduced bv the bellows-like member bOa. 


Part, o f the pat h 


on the opposite side ot the 


bellows-like member 6 0a f rom the machine (chamber 14 is ai ranged 
in the exposure chamber lb. A second heater 61 as a heating 
unit and a second blower 64 are sequentially arranged in the 


path 60 


1 n tnis case, the cooler 52, the second heater" 
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b e cans e t h e s e e end b lower i s a small b 1 o w e r having a b 1 o w a mo u n t 
of about 1/4 of the first blower's. 


A blow port of air toward the 


inity of thre wafer staqe 


WST is provided on the op-posit e side of the second blower 64 
from the machine chamber 14, an id a chemical filter CF4 and 


a f liter box AF4 that 
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s of tne ULPA filter and the filter 


plenum are arranged at the blow port area. An open end of a 
return duct 66 as an exhaust path is arranged in an area of 
the exposure chamber 16 opp-osite the wafer leader chamber 20, 
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hemical filters 1F1, CF2, CF3, CF’4 used in this 


embodiment are -one that remove p la sti sizer, fire retardant 
and other chemical impurities as well as an organic material 
o f silicon series such as siloxiane .and silazane, hydrocarbon, 
and basic; gas such as ammonia gas, which are present; in the 
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Fu r t he rno re, a drain pan 68 i s a r r a nged be 1 ow t he coo lei 
12 in t he machine chamt'e r 14. However, the drain pan 6 8 i s 
not connected with any pipe system. The reason for this will 
be described later. 

A second temperature sensor 72 that detects the 
temperature of air inside the supply duct 24 is arranged ton 
the side, closer to the machine chamber 14, of the fork portion 
of the supply duct 24 in the main body chamber 12. Detection 
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constituted by a microcomputer (or a workstation) as the main 
component. 

Next, description will be made of the air conditioning 
in the- exposure apparatus having the structure as described 
5 above. 
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10 in the exposure chamber 16 via the filter boxes (AF1, AF2, 
AF3 and AF4 ) respectively so that air conditioning of each 
part is performed. In this case, air conditioning i.s 
perfturned in a down-flow manner in the reticle loader chamber 
It and the wafer loader chamber 20. Further, air conditioning 
15 of each section of exposure apparatus main body 22 during the 
foregoing exposure operation is performed :n a side-flow 
manner . Then, air returned to t:he return duct 42 via the return 
section 4 0 and 44, air returned to the return duct 4 8 via the 
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the machine chamber 14 in this embodiment) . The chemical 
imourities contaired in air in each return duct as described 



passed through the chemical filter CF2 join, and then are 


(' > ) <) 


led down to a prede 


temperature by the comer 12 


that forms part of the first and second air conditioners. In 
this case, in this embodiment, the controller 70 controls a 
cooling operation of the cooler 52 wh i le monitoring the output 
of the first temperature sensor 54, and at; this point, air 
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described, since condensation does not occur on the surfaces 
of the cooler 52, no drain-pipe system is provided in this 


embodiment 


However, a failure of the first temperature 


sensor 5 4 or some problem of thus cooler 52 may -occur which 
could make the foregoing surface temperature control of tne 
cooler 5 2 difficult. Therefore, the; drain pan 6 8 is provided 
1 n this embodiment just in case such emergenoy oecurs. 

About 80 - of the air cooled down to the predetermined 
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and the like via the supply duct 24 and the target temperature 


(or the t emp 
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antral range) of air blown toward the 


vicinity of the wafer stage WST via the path 60 can be set 
individua11y. 

Then, two portions of chemically very clean a:r heated 
to respective target temperatures by t.he first and second 


healers 36, b 2 a r 


v * ~' ■*— 4— +— e #—s 

I J L _L i 1 L LUC 


j icim -..ai a a a. u C. 


l t 


n it i 


by the first and second b 1 owers 58 , 64 respectively. The air 


v, - - - -■ -- -- — - ~ ~ ~ -1 4- L, U 4- Vs 

I i a V _L 11 y p cl zr,- e cl Lin uuyu l 11 


“s V - - -i .—* — ' 1 

1 . 1 [ 1 _L_ C4 


■t - It oil r~'i r't 1 \ ? 

V 1 i is—. 4 > ^ 


duct 24 of the main body chamber li! is divided and sent into 
the reticle loader chamber 18, the wafer loader chamber 20 


and the exposure chamber 16 via the 


boxes API, AF2, 


AF 3 respectively. Further, the air having passed the chenica 1 


filter C F 4 p a s 


th rough the filter box AF4 and is sent to 


the vicinity 


the wafer stage WST. 


Since particles in air are almost certainly removed when 
the air passes through the ULPA filters in the filter boxes 
A F1, AFP, A F 3, A F 4, the air that is highly clean without 
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As described above, accordina to this embodiment, since 
the chemical filterCF1 as a chemical material removing filter 
is arranged in the exit area, on the machine chamber 14, of 
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return ducts 42 , 48 , 6 6 a s t.he exhaus t pa t hs returning 


the machine chamber from the main body chamber 12, th 
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Further, the chemical 


is arranged in the exit 


area on the machine chamber 14 (an entrance area of the machine 
chamber 14) in the exhaust path returning to the machine 
chamber from the? main body chamber 12', and because the 
open/close dcor (not shown) is provided in this area, 
replacement of the- chemical filter CF1 can be easily performed 
through the open/close dcor. Accordingly, the down t i.me of 
the apparatus due to- replacement ■:>f the chemical filter CF1 
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exhaust path, in which gas f o r air conditioning flows, and 
members (or their surfaces) that exist on the flow paths and 
t. fiat contact the -gas for air conditioning may be made of 
material emitting less gas. Even further, the gas for air 
conditioning may te gas other than air, and such gas needs 
t :> be introduced into the exposure apparatus from a supply 
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provided with the OA port 50, and the chemical filter CF2 as 
a chemical material removing filter is provided inside the 
OA port 50, chemically clean air is taken into the apparatus 
as a result, and the clean 1 iness inside the apparatus i.s not. 
reduced. Therefore, the inside of the main body chamrer 12 
can be kept highly clean while keeping the inside pressure 
higher than that of the outside. 

Furthermore, in this embodiment, the cherr.icaL filter CFi 
as a chemical material removing filter is disposed in part. 
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c ::)n t aminant s have been removed by the chemical filters CF1 , 
CF2, is sent to the chemical filter CF3, the lifetime thereof 
lengthens, and replacement is not required fcr a long period 
o f t ime . However, since? the chemica 1 filter -1F3 is arranged 
in the vicinity of the- connection unitdb between the machine 
chamber 14 and the supply duct 24 of the main body chamber 
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time of the apparatus due to replacement, of the chemical filter 
CF3 shortens, and the processing capacity can be improved in 
the long term. 

In addition, the path 6 0 i s p> r o v i d e d in the air pat hi 
inside the machine chamber 14, and air conditioning is 
performed of the vicinity of the wafer surface via the path 
20 independently of the other sections. Therefore, the? 
fluctuation of the air can be efficiently prevented from 
'Causing measurement errors in the measurement values of the 
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supplied into the wafer loader chamber 20 where wafers are 
transported which are coated with the chemically amp1ified 
resist easily affected by chemical imporities, the p>henornenon 
of the chemically amplified resist's surface becoming hardly 
5 soluble can be effectively' prevented from occurring in this 
section as well. 


rurthermore, the 111Ler boxes each h 
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10 exposure chamber 16, the reticle leader chamber IS and the 
wafer loader chamber 20, and near the air blow port toward 
the wafer surface. Therefore, since t: h e cleanliness inside 


the exposure app>a 


an hie kept at class about 1 even it 


the apparatus is installed in the clean room having cleanl iness 
15 as low as class about 100 to 1000, the maintenance cost of 
the clean room can be reduced. 


At: least an inner wail area of the supply duct 24 in th 
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rem:ved. Specifically, silicon-organic substances such as 
siloxane (a substance having an Si-0 chain as the axis) and 
silazane (a substance having an Si-N chain as the axis) pose 


a problem, which 


in spaces between (Optical devices in 


trie projection optical system and the illumination optical 


system. In more detail, a substance called 


cy<: 


lie siloxane 


whose t.i-u chain forms a ring is contained in an adhe 
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t<_> ageing. It rs well known that the cyclic siloxane adheres 
to a surface of a semiconductor substrate such as a silicon 


wa fer and a surtace of a die 1 e 


such as a lens, and that. 


when irradiated by ultraviolet light ((JV light), t.he cyclic 
siloxane is oxidized to change into tarnish such as silicon 
oxide cn the surfaces of the optical devices. 

As silazane, there exists HMDS (hexamethy1-disilazane ) 
h a v i n q t w o p i e c. e s o f Si, which is used as a pretreatment a g e n t 
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silicon-orgaric substances such as siloxane and silazane. 

In the projection exposure apparatus that uses KrF 
excimer laser light, ArF excimer laser light and laser light 
saving a shorter wavelength as exposure illumination light, 
so-called optical 'Cleaning is generally performed in order 
to clean the surfaces of optical devices. Although 'Organic 
substances (hydrocaicon) removed from the surfaces of the 
optical devices f loat in the air: in the apparatus, the 'Organic 


subs Lances can also be renc ved b v the chemi a 1 f i i t c r c 
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embediment 


Currently, besides the silicon 


ie s impurities, a 


plasticiser (such as phthalate ester), a fire retardant 
(phosphoric acid and chlorine substance) ana the like, which 
are emitted as gas from wiring, plastic and the lice in the 
chamber, are posing problems as impurities. However, such 
plasticizer, fire retardant and the like can also be removed 
by the foregoing activated carbcn filters. 

In addition, in the exposure apparatus 10 of this 
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conditioner is not necessary, and undesirable phenomenon such 
as the f o rea omq ' a ' to ' d' caused by the presence C' f the drain 
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time. Accordingly, occurrence of problems such as the. 1 
illumination reduction due to tarnish of the optical elements 
can be s u p p-ressed for a long perod of time, 3 nd add 11 iona 11 y, 
the; phenomenon of the chemically amplified resist's surface 
bocominq hardly soluble car. be effectively prevented fromi 
occur r i ng . Therefore, h igh L y a ecu rat e exposure quantity 


control and thus highly accurate ex 
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Mo re'tver, in the exposure apparatus 


ot this 


embodiment, the blow port 9 0 of gas for air conditioning t.o 
blow air into the upper space in the exposure chamber: 16 
sideways is provided in the boundary' area between the reticle 
leai.ier chamber 1 3 and the exposure chamber 16. For this reason. 


maintenance of the exp 


apparatus main body 22 in th 


exposure chamber 16 can be p>er formed from three 1 sides among 
11 1 e four sides (front, r e a r , r i g h t: a n d left) o f t h e e x p o s u r e 
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or a chemical filter, and a plenum duct for the filter for 
removing dust an the ceiling of the exposure chamber 16. Note 
that although in Fig. 1 the supply duct 24 Is above t ne 
illumination optical system 28 for the sa-:e of convenience 
in drawing, the supply duct 24 can be arranged in an empty 
space beside the illumination 'Optical system 28 because the 
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conventional exposure apparatus of the down-flow method. 
Thus, according to the exposure apparatus 10 of this embodiment, 
the total height of apparatus can be lowered while securing 


good maintenance performance 


This can reduce the 


equipment 


t of the clean roam. 


Note that only the supply path may be provided at the 
ceiling part of the exposure chamber to perform the down-flow, 
and that the total height of apparatus can be lowered :n this 
case as well. 
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apparatus, the- processing capacity, and the equipment cost . 

Mete that although, in the above embodiment, description 
has teen made of the case where chemical filters are provided 
in the 0 A port area, the entrance area, of the suppi 1 y path 
in the main body chamber, opposite the machine chamber and 
in the vicinity of the blow port of the air toward the wafer 
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cnem:cal filter rs provided in a posit ion inside the return 
duct, the purpose of suppressing occurrence of problems such 
as the illumination reduction due to tarnish of the optical 
elements for a long period of time and thus improving the 
throughput and the p-roduc 1 1 vi t y in manufacturing 
micro-devices can be achieved to a certain extent. 


Furthermore, although. 


the above embodiment, 


description has been made of the case where chemical filters 
are 1 provided at the exit of the return ducts on the machine 
on .amber and when- t.he surface t once ru tu r e of the (.under is 
c o i j t of i e a t; u < i t. t so \ > e r a t u r e w h e r - a c u n dor i s ,■ C. i o n : i o e s ri o t. > c c u r , 
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t o t a ::nish of the op>t ica 1 e .1 ernen t s can be suppressed f or a 
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chamber, the wafer loader chamber and the exposure chamber 
are provided in the? main body chamber, the present invention 
is net limited to this, .and on 1 y the exposure chamber may be 
provided in the main body chamber, and the reticle Loader 
chamber and the wafer loaner chamber may be provided in another 
environmert-centrol chan.ben together or individually in other 
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a re separate, but the i n v e n t i o n i s net limited t o t his, and 
one chamber may Lie divided by a wall into the exposure chamber 
to house the exposure apparatus main body and the machine 
chamber. 

Note that the machine chamber is arranged adjacent to 
the main body chamber in Fig. 1, but the machine chamber may 
be arranged under the floor of the cLean room (a utility space) 
or the like. The light source also may be arranged under the 


floor in this case. 


I n the above embodiment the air 
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in sub-chambers and inert gas isuch as helium) is alsc supplied 
to between the illumination optical system 2° and the 
projection optical system FL and between trie projection 
optical system PL and the wafer W, in addition to the 
5 illumination optical system 28 and the prcection optical 
system PL. Therefore, in an exposure apparatus where at least 
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the sealed space, a chemical filter described above is 
preferably disposed in, for example, a position or the exit 
of the exhaust path for the inert gas supplied to the 
illumination optical system as well. Needless to say, a 
chemical filter may also be disposed in a position or the 
entrance of an intake path of the inert gas, which is 


particularly effective when the inert gas retrieved is used 
again after being cleaned. As described above, when vacuum 
ultraviolet light having a wavelength in the range cf, for 
ex^mpole, about 110 nm to 200 nrr, is used as. * he i 1 1 umi mat .i on 
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vapor laser or a YAG laser may be used as the illumination 
light far exposure. Alternatively, a higher-ha r mo nic w av e 
may be employed which is obtained by wavelength conversion 
into ultraviolet using a non-] inear optical crystal after 
amp) 1 i f y i n o s i n a 1 e wavelength laser light, infrared or visible. 


emitted from a DFB semiconductor laser d< 


or a fiber laser' 


by a fiber amplifier having, for example, erbium (Er) (or botn 
erbium and ytterbium ( Yo i ) dop>ed . 

Furthermore, this invention can be applied not only to 
exposure apparatuses of a s tep=-and-repeat method, a 


step-ana 


an method and a step-and-stitch method, but als 


to mirror-projection aligners, exposure apparatuses of a 


proximity method, and photo-repea 


That is, the present 


invent i-on can be app-lied to- any exposure apparatus having an 
a l r ccnditioner regard1ess of the structure and arrangernent 
of the exposure apparatus main body. 
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Next, an embodiment of the- method of manufacturing 
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sub-pattern of the designed circuit is farmed are* produced. 
In st e p 2 0 3 '.wafer manufact u ring step), wafers are 


manufactured by using silicon 


cr the like 


In step 204 (wafer processing step) , actual circuits and 
t fie like are formed on the: wafers by lithography or the like 
u s i n g t h e mas k s a n d the wafers prepared i n step ■ s 2 0 1 t. h r o u g h 
2'0 3, as wi 11 be descr ibed later. In step 205 ( devioe assemb 1 y 
stop) , the devices are assemb*led from the wafers processed 


in step 204. Step 205 includes pro 


such as d i cmg. 


bonding, and packaging (chip* encapsulation) . 

Finally, in step- 206 (inspection step), a test on the 
operation of each of the devices, durability test, and the 
like are performed. After these steps, the process ends and 


t h e devices are s n i p>p>ed out . 


Fig. 5 is a flow chart shewing a detailed example of st 




204 described above in manufacturing semiconductor devices, 
referring to Fig. 5, in step 211 i oxidation step) , the surface 
of a wafer is oxidized. In step 212 (C VD step), an insulating 
film is formed on the wafer' sums; . In iter 2 1 2 brier t rede 
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step), the wafer is coated with a photosensitive material 
(resist! . In s t ep 2 1 6 , the abeve expc sure apparatus t ran sfers 
a suo-pattern c f the circuit on a mask onto:' the wafer according 
to t h 0 ‘ above mod:hod. In step 217 (development step), the 
5 exposed wafer is developed. In step- 212 (etching step), an 
exposing member on portions other than portions on which the 
resist is left is removed by etching. In step 219 (resist 
removing step) , the unnecessary resist after' the etching is 
removed. 

10 By repeatedly per f o rm i ng these p re-p>r ocess and 

post-process, a multiple-layoc circuit pattern rs formed on 
each shot-area of the wafer. 
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According to t h e d e v i c e - rna n u f a c t u r i n g me thod o f t hi i s 
embodiment described above, in the exposure step (step 216), 


the exposure apparatus 10 of this embodiment is used, and 
therefore, due to improvement i.n the capability of maintaining 
the chemical cleanliness of the atmosphere inside the 
apparatus, improvement cf the processing capacity in tne long 
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While the above-deecribed embodiments of the present 
invention are the presently preferred embodiments thereof, 
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substitutions fall within the scope of the present invention, 
which is best defined by the claims appended below. 


